ABSTRACT: Forest restoration projects are usually planted with a reduced number of species as compared to standing forests, largely due to the low availability of native species in seedling nurseries. In the present study, the potential of the native seedling community as a source of seedlings for forest restoration is analyzed. To do so, the seedling community from a forest fragment located in the southeast of Brazil was evaluated. Individuals (tree and shrub species) up to 30 cm height were measured and identified in 20 4 × 4 m plots. Altogether, 6,136 individuals (17 individuals m -2 ) belonging to 119 species were sampled. The seedling community showed a spatial heterogeneity with respect to the density of individuals and composition of species, and also a spatial aggregation for the 10 most abundant species. Several species that occurred in high densities in the seedling community are not presently available in regional forest nurseries and are therefore not used in restoration projects. This result and the high number of individuals and species found in the fragment suggest a great potential of this type of forest remnants as a source of highly diverse seedling banks for use in restoration projects. Key words: ecological restoration, natural regeneration, transplants, seedling production, forest nurseries
INTRODUCTION
Seedlings of shrubs and trees play an important role in forest regeneration, as their survival and distribution affect the structure and maintenance of plant diversity in tropical and temperate forests (Harper, 1977; Denslow, 1991; Dalling et al., 1998) .
In tropical forests, the seedling community is composed of a large number of individuals and species which belong to different ecological groups (Hubbell et al., 1999; Oliveira et al., 2001; Grombone-Guaratini & Rodrigues, 2002; Comita et al., 2007) . In spite of this observation, many Brazilian restoration projects do not fulfill the minimum richness and initial diversity in terms of species number and diversity of ecological groups, constraining the maintenance of a forest structure over the time and the reestablishment of ecological processes in these areas (Barbosa, et al., 2003; Souza & Batista, 2004) . The limited number of seedling species used in restoration projects may be partly explained by the low availability of native species in seedling nurseries (Barbosa et al., 2003) . This is the result of difficulties in obtaining seeds and the absence of technology to grow seedlings of many native species Zamith & Scarano, 2004) . In spite of this limitation, very few studies have investigated the potential of the native seedling community as a source of transplants to increase the plant diversity in ecological restoration, and these studies usually investigated only one or a few native species (Auer & Graça, 1995; Djers et al., 1998; Nemer et al., 2002) .
Here, the seedling community from a forest fragment in Southeastern Brazil was characterized. Based on the density of individuals, species richness and composition, we discuss the potential and management implications for using this community as a source of seedlings for nurseries and restoration projects. We expect to find a high number of individuals and species in the fragment and also many species that are not available in seedling nurseries, thus we hypothesized that this forest fragment can serve as an important source of seedlings for transplant to forest nurseries and restoration projects.
MATERIAL AND METHODS
This study was performed in Bofete, state of São Paulo, Southeastern Brazil (23º02'S, 48º11'W; 600 m elevation). The area consists of a 3,900 ha farm, of which 2,300 ha are designated to commercial plantation of Eucalyptus spp. and 650 ha are occupied by natural areas with native vegetation.
The predominant climate, according to Köeppen's classification, is the Cfa type, with average temperature > 22ºC on the hottest month (February) and < 18ºC on the coldest month (July). The annual rainfall is approximately 1,440 mm. The original vegetation is characterized as a seasonally dry forest belonging to the Atlantic Rainforest Biome (Veloso, 1992) . However, the landscape has been highly fragmented to small and isolated pieces, usually restricted to places where the topography or the soil hinder agricultural development (Dinerstein et al., 1995; Di Bitetti et al., 2003) .
A single forest fragment of, approximately, 150 ha were chosen due to its similarity in disturbance history and vegetation type with other remnants found in the regional landscape. This fragment possesses areas with no fluvial influence and areas periodically flooded (swamp forest), both of which have evidence of historical disturbance.
The sampling of the seedling community was performed between April and May 2003 by means of 20 randomly installed 4 × 4 m plots (360 m 2 ). Seedlings were defined as individuals from shrub or trees species up to 30 cm height, measured from the ground level up to the apical meristem. For individuals from the Arecaceae family, height was measured from the ground level up to the extremity of the tallest leaf, at its natural position.
Within plots, all individuals that followed the inclusion criteria were measured and identified. Individuals that could not be identified in the field were collected for further identification in the ESA herbarium (Herbarium of the Dep. of Biology, University of São Paulo, Campus Luiz de Queiroz). Due to difficulties associated with the development stage that would not allow the precise morphological characterization of individuals, several individuals remained unidentified. All these individuals were grouped into a single group called "not identified". Absolute frequency and relative densities were computed for each species, as described by Mueller-Dombois & Ellenberg (1974) .
The list of species sampled in the seedling community was compared to the list of 30 native species most commonly used in ecological restoration projects and also to the list of native wood species available in the 30 main seedling nurseries in the state of São Paulo (Barbosa et al., 2003) . For comparison, the species sampled in the seedling community were classified into four classes; absent (0%), non-frequent (up to 25%), frequent (>25-50%) and highly-frequent (>50%), according to the frequency of availability in the nurseries evaluated by Barbosa et al. (2003) .
To better understand the management of natural regeneration for forest restoration projects, the spatial distribution (random, aggregated, or evenly spaced) of the seedling community (total number of individuals) and the ten most abundant species was tested. To do so, a Dispersion Index (observed variance / observed average) was calculated and its χ 2 value was obtained as described by Ludwig & Reinolds (1988 (Krebs, 1989) . Values vary from -1 to 1, with confidence limits from 0.5 to -0.5, where random patterns represent an index of 0, aggregated patterns above 0, and uniform patterns below 0.
RESULTS AND DISCUSSION
The seedling community and its potential for forest restoration
In spite of the small sample size, we found a large number of species in the seedling community. Altogether, 6, ) belonging to 119 species and 40 families were surveyed (Table  1) . The most abundant families in decreasing order of number of species were Myrtaceae (20 species), Fabaceae (14), Rubiaceae (13) and Lauraceae (7). Altogether, these four families represented 45.4% of the total species sampled.
The total number of species is similar to the values found in other tropical seedling communities (Oliveira et al., 2001; Grombone-Guaratini & Rodrigues, 2002) . However, it is far more than the values commonly used in regional forest restoration projects, even those located in high diversity tropical regions (Parrotta & Knowles, 1999; Barbosa et al., 2003; Souza & Batista, 2004) .
The number of seedlings per plot varied between 74 and 1,116, suggesting a high spatial heterogeneity in the density of individuals. This high spatial heterogeneity was also verified for species composition, such that 33 species (27.7% of the total) were found in only one plot and 15 species (11.6% of the total) occurred in more than 50% of plots. Many species presented low frequencies, but high densities in the plots where they were sampled. For instance, Eugenia ligustrina (Myrtaceae) was sampled in only one plot, where it was the species present with the highest density (212 individuals). Spatial heterogeneity is present in other tropical seedling communities (Hubbell et al., 1999; Oliveira et al., 2001) , suggesting that it is a characteristic of these communities.
Nineteen species (16%) were sampled with only one individual. This can be attributed in part to the small sampling size, as well as to seasonality in recruitment (Lieberman, 1996) , environmental heterogeneity, and absence of suitable sites for the recruitment of each specific species. However, several authors have shown that many tropical shrub and tree species are considered rare and occur in very low densities in the forest (Foster & Hubbell, 1990; Pitman et al., 1999; Kageyama & Gandara, 2004; Comita et al., 2007) .
Protium spruceanum (Burseraceae) was present at a very high density, comprising 56.7% of the total individuals. The prominent position of P. spruceanum is possibly due to the presence of a number of plots close to areas with flooded soil, where adult individuals from this species are also prevalent. This species is typical of swampy forests (Ivanauskas et al., 1997) . Moreover, the sampling period coincided with the post-germination period of plants of the same species, in a year of exceptional seed production. Indeed, many tropical shrub and tree species possess supra-annual reproductive characteristics, with production of large cohorts at intervals greater than one year (De Steven, 1994; Lieberman, 1996; Connell & Green, 2000) . Thus, besides the variation in the structure and composition of the seedling community across space (spatial variation), structure and composition also change in time (temporal variation) due to seasonality in the recruitment of individuals related to the phenological patterns of fruit maturation and seed dispersion (Santos & Válio, 2002) , as well as due to the aforementioned supra-annual reproductive behavior of some species (Lieberman, 1996) .
Of the 95 identified species, 48.4% (46 species) are absent in the main nurseries in the state of São Paulo (Barbosa et al., 2003) , 35.8% (34) are considered low-frequent (up to 25% of frequency), 7.4% (7) are frequent species (25-50% of frequency), and only 8.4% (8) are high-frequent species that occur in more than 50% of seedling nurseries in the state of São Paulo (Table 1) . Only three species in the seedling community, Croton floribundus (Euphorbiaceae), Cedrela fissilis (Meliaceae) and Copaifera langsdorffii (Fabaceae), were included in the list of the 30 species most used in restoration projects in the state of São Paulo (Barbosa et al., 2003) . Such data illustrate that the sampled seedling community is very different in terms of floristic composition as compared to the regional forest nurseries, and confirms that seedlings from several native species are not being produced. This is a striking result with respect to the potential of the seedling community as a source of seedlings for transplant into forest restoration projects. However, not all species sampled can be removed from the seedling community. Several species occur in very low density in the forest (Foster & Hubbell, 1990; Pitman et al., 1999; Kageyama & Gandara, 2004; Comita et al., 2007) , and the removal of these seedlings, even for forest restoration purposes, is not recommended.
Taking into account that the transplant of seedlings to restoration projects is restricted for only those species of high density, this analysis was performed again with only those identified species that had at least 20 sampled individuals. From 28 species, 16 (57.1%) are absent, seven (25%) are non-frequent and only two (7.14%) and three species (10.71%) are respectively frequent and high-frequent species in nurseries in the state of São Paulo (Barbosa et al., 2003) . This serves as evidence that even species found in high densities in the seedling community are frequently absent in forest nurseries.
The number of seedlings that belong to species with at least 20 individuals represents 91.7% (5,627 individuals) of the total community. Thus, although there are only 28 high density species, these species contain most of the individuals and also several species not found in the nurseries. Considering a hypothetical situation with 50% removal and transplant of the individuals from these species for forest restoration purposes, the sampled forest would provide approximately 2,814 seedlings for nurseries and/or restoration projects in a small area of 320 m 2 . Considering the arrangement of planted seedlings normally used in restoration projects in Brazil (one plant each 6 m 2 ), such a number of seedlings is higher than the number needed to perform the restoration of 1 ha.
Species not found in nurseries are also absent in restoration projects, which demonstrates the potential of the seedling community as a possible source of seedlings for forest restoration. Possibly, many species are not found in regional nurseries because of the lack of knowledge around the biology of these species with respect to flowering and fruiting, or because of the unavailability of specific technology to process and germinate seeds. In these cases, the transplant of forest seedlings to nurseries or directly to restoration areas emerges as a viable alternative until the knowledge required for the cultivation of seedlings of these species is obtained. Thus, the use of the seedling community and populations of some species as source of seedlings for ecological restoration is justifiable. For (Barbosa et al., 2003) , but were sampled in the seedling community in high densities. These species are good examples of species that could be introduced into restoration projects by using seedlings available in the forest. For both calculated indexes, the whole species community and the ten most abundant species demonstrated aggregated spatial distribution (Table 2) at the 4 × 4 m sampling scale. The small-scale spatial aggregation in the initial life stage seems to be common and has already been observed in other tropical forests (Oliveira et al., 2001 ). Many species are not able to disperse their seeds efficiently, aggregating around parent individuals (Houle, 1992) or in the case of the pioneer species, under forest gaps that receive direct light (Grau, 2000) .
The spatial heterogeneity with respect to density and richness and the spatial aggregation found for the main species, demonstrate that the potential of the seedling community as a source of seedlings for forest restoration depends on the way the seedlings are collected in the forest fragment. Thereby, for the use of the seedling community as a source of transplants, a larger collecting area will yield a greater number of species.
Besides spatial heterogeneity, temporal heterogeneity also affects the seedling community composition. Considering that seasonality of dispersion and recruitment is a common characteristic for tropical communities (Lieberman, 1996; Santos & Válio, 2002) , the potential of seedling community in terms of richness of species would certainly be higher if the community was sampled and collected in more than one period of the year.
The seedling community has high richness and density and contains several abundant species not found in forest nurseries and restoration projects. This confirms our initial hypothesis that forest fragments can serve as an important source of seedlings to be used in forest restoration projects. Although the data presented is regional, researchers that evaluated the seedling community in other tropical forests (Hubbell, 1999; Oliveira et al., 2001; Benitez-Malvido & LemusAlbor, 2005) have demonstrated similar results regarding richness and density of plants. This suggests that the high potential of the seedling community is probably not restricted to the case study presented here, but can be addressed to other similar remnants of tropical forest.
The seedling community, as a source of seedlings for ecological restoration purposes, could be useful for many situations in the restoration of degraded areas such as restoration plantations, enrichment of low diversity restoration planting, or even the enrichment of natural regeneration areas that usually present low diversity (Rodrigues & Gandolfi, 2004) . However, to definitively confirm the potential of forest seedlings as a source of transplants for forest restoration, further studies that evaluate the survival and growth of these seedlings when transferred into nurseries, or even directly into degraded areas, are strongly recommended. Moreover, it is also necessary to evaluate the impacts that the removal of seedlings might cause in the forest dynamics and in the genetic structure of the regenerating populations. Such studies would generate the parameters necessary to regulate this activity such that it might be environmentally sustainable.
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